INTRODUCTION
The island of Jamaica is located in the north-western Caribbean Sea and is cantered on latitude 18° 15' N and longitude 77° 20' W. It is the third largest of the Greater Antillean islands and is approximately 230 km from east to west and 80 km wide with a total area of 10,900 km².
The name 'Jamaica' is believed to be derived from the Taino word, Xaymaca, which means 'Land of Wood and Water'. When Christopher Columbus landed on the island in 1494, most of it was densely covered with forests, except for scattered clearings occupied by the Tainos (Swabey 1945) . This dense vegetative growth would have protected the soil and supported the continuous surface flow of the island's many rivers and streams. After centuries of improper land use, the island has lost much of its natural vegetation and, as a consequence, is suffering major environmental problems such as flooding, soil erosion, destruction of wildlife and wildlife habitat, and decreased surface flows in streams and rivers (Cunningham 1993) . Better land use management is needed to stop the vegetation loss.
In order to develop policies and plans to better manage the forests of Jamaica on a sustainable basis, timely, accurate and reliable data are needed on the extent and location of forest cover and its changes over time. Since 1972, the Food and Agriculture Organisation of the United Nations (FAO) has been the lead agency documenting areas of forest cover and deforestation rates in Jamaica. In fact, the first major forestland use/cover study in Jamaica was undertaken by a UNDP/FAO Project (Gray and Symes 1972) . In recent years it has become evident that the statistics FAO published for many Caribbean countries, including Jamaica, were flawed.
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Although the information came mainly from institutions within the countries themselves, there were fundamental problems associated with the data.
These data collection problems were addressed at a European Community/FAO sponsored workshop held in Trinidad in February 2000. The theme of the workshop centred on Data Collection and Outlook Effort for Forestry in the Caribbean, 16 Caribbean countries attended. A summary of some of the problems encountered by the countries and some of the recommendations made are as follows:
• The assessment of forest resources on a regular and systematic basis in most countries was not institutionalised. Most assessments were carried out on an ad hoc basis for specific purposes and with the support of external assistance.
• While all countries have some capacity to conduct forest assessments, institutional cooperation between agencies was not fully developed.
• In general, there is no organised system to collect, analyse and distribute forest resource data. However, in most countries, there exists informal research that needs to be formalised.
• The structure of data gathering and organisation has to follow national requirements and capacities. Welldefined national vegetation classification schemes need to be developed in order to facilitate data aggregation at regional and international levels.
• Local definitions should very clearly state their quantitative and qualitative characteristics to facilitate regional and international data aggregations.
• FAO land use classes are not entirely compatible with the forest vegetation classes that occur in the Caribbean. As a result of this incompatibility, lands with similar woody vegetation were inconsistently assigned to the FAO classes.
• FAO classes must be used with caution and in conjunction with more detailed definitions of the forest classes in each country.
The above observations summarise some of the problems associated with the data FAO used in its publications. Deforestation data published in 1995 by FAO on Jamaica contained some of these problems and has caused much debate and controversy within the country. This has pointed to the need for more accurate and reliable data to be developed. Factors such as the definition of 'forest' and 'deforestation', the different techniques used in the various land use/cover studies, and the purpose of these studies, have also led to a wide range of variations and inconsistencies in the data on the rate of change in the forests of Jamaica. This paper reviews the existing studies on the estimate of forest cover in Jamaica and introduces a methodology for systematic and sustainable evaluation and monitoring of the Jamaican forests.
DEFINITIONS OF TERMS 'FOREST' AND 'DEFORESTATION'
Evelyn (1997) pointed out in his report on deforestation in Jamaica that the different definitions of the terms 'forest' and 'deforestation' used in various land use/cover studies in Jamaica have created problems when comparing results of studies carried out in earlier periods to results of later studies. According to UNEP (1998) FOREST COVER CHANGE OVER TIME Forest cover change in Jamaica is relatively well documented, but the results are highly variable and the estimates of annual deforestation rates range from between 0.03 to 6.7% (Table 2) . As hypothesised for Costa Rica's forest cover estimates by Kleinn et al. (2000) , the reasons for the differences in the forest cover estimates over time and the related deforestation rate are as follows:
• the definition of forest and the forest classes included (forest and/or wooded land); • the reference area (entire country or region);
• the reference year (photograph/image production year or study publication year); Coniferous -Forest stands including both coniferous and broad-leaved evergreens.
CRIES 1982. Definition used in the The coniferous evergreens are commonly referred to as softwoods. The forest must
Comprehensive Resource Inventory and have a 75% or more crown closure and be in stands of at least 16 hectares or more.
Evaluation System (CRIES) Project Deciduous -Forest stands made of a mixture of various broadleaf species. The (1982) and the Rural Physical Planning deciduous forest types must have a 75% or more crown closure and be in stands of Department (1988) land use/cover studies at least sixteen hectares or more.
in Jamaica.
Forest includes natural forests and forest plantations. The term is used to refer to land FAO 2001a. Definition used in the Forest with a tree canopy cover of more than 10 percent and area of more than 0.5 ha. Forests
Resources Assessment 2000. are determined both by the presence of trees and the absence of other predominant land uses. The trees should be able to reach a minimum height of 5 m. Young stands that have not yet reached, but are expected to reach, a crown density of 10 percent and tree height of 5 m are included under forest, as are temporarily unstocked areas.
• the type of study (mapping or field sampling or both);
• the precision of the estimates (photographs or satellite imagery or field survey); • the information sources used (traditional forest inventory or research plots); and • the objectives of a particular study (agriculture, forestry or conservation).
Forest cover estimation before 1950
It is difficult to determine the area of forestlands before 1950 because the means of assessment were very limited and a clear definition of the term 'forestlands' or 'tropical rainforests' was not stated by the authors. Table 3 lists some estimates of the probable area of forests in Jamaica before 1950. Eyre (1996) estimated that the depletion of tropical rainforest in Jamaica was 224,350 ha over a period of 300 years (1491 to 1791), which is approximately 748 ha or 0.17% per annum. The depletion of the forestlands area was 104,530 ha between 1886 and 1943, or approximately 0.57% per annum (Hooper 1886 , Swabey 1945 ) and the forested lands covered approximately 20% of the island. It should be noted that Eyre's figure for 1491 concerned only the forest zone named 'tropical rainforest' at that time. This zone was based on an estimation of the mean annual temperature (>23.8°C or <1,250 m in altitude) and rainfall (number of weeks with rainfall > 50 mm/week). Therefore the total forest area was probably higher.
According to Eyre (1986 Eyre ( , 1987b , there was a wave of forest clearance in the 18th century for plantation establishment in Jamaica. He also stated that 'in the plantation era many parts of the country were considerably more bare of trees than presently' (Eyre 1986) . Also the mid to late 19th century seems to be the start of a period of substantial regrowth of forests mainly because of the decrease of human economic usage of land (Eyre 1987b; Higman 1988; Satchell 1990) , i.e. probably the decrease of sugar cane production. The trend of forest cover change in Jamaica is shown in Figure 1 . The same relative trend is hypothesised by Watts (1987) for some other countries in the West Indies.
Forest cover estimation between 1950 and 1990
This period was the beginning of systematic land use/cover studies using mainly remote sensing techniques. Four studies were carried out during this time using aerial In Eyre 1987b 1980 / Jamaica -3.3 Eyre 1986 , 1987b 1980 / Jamaica (Rural districts) -4.3 Eyre 1986 Eyre , 1987b Eyre 1980 Eyre -1986 Period (year) Forest Area (,000 ha) 1491 to 2000, excluding 1980 data photographs taken in 1954, 1968, 1980 and 1985 respectively. The analysis of land use/cover changes has been undertaken by Eyre (1986) for the 1954 and 1980 data (with some ground truth investigations), by the Rural Physical Planning Division (RPPD 1988) for the 1980 and 1985 data, and by Evelyn (1997) for the 1968, 1980 and 1985 land use/cover data.
FIGURE 1 Trend of Forest Area Change in Jamaica from
The objectives and the methodologies for the analysis of the land use/cover changes were different in each study. It is therefore very difficult to compare these studies and to form any conclusion about the depletion of forest cover in Jamaica. FAO used the 1980 data (Comprehensive Resource Inventory and Evaluation System (CRIES) Project 1982) and 1985 data (Rural Physical Planning Division (RPPD) 1988) and applied 'a modelling technique … which makes use of ancillary variables (e.g. population density and ecological zone) correlated with forest cover area and its change in time' to derive the figures for Jamaica (5.29% per annum of deforestation) published in its Forest Resource Assessment 1990 (FAO 1993 .
Analysis of the data from 1980 and 1985 yielded a negative change (-175,339 ha) on the forest cover in Jamaica, that is, 35% depletion of Jamaican forests for the period (Table 4) . Evelyn (1997) pointed out that the main problem with this analysis is the misclassification of the 'Dry limestone forest' areas (Portland Ridge in Clarendon, Hellshire Hills in St. Catherine, Long and Dallas Mountains in St. Andrew, and Albion in St. Thomas). Gray and Symes (1972) classified the dry limestone forest areas as 'Other wooded areas', while CRIES (1982) used 'Deciduous forest' (see definition in Table 1 ). A close analysis of the FAO definitions of what constitute forests would put 'Deciduous forest', as defined by the CRIES report, in the compilation of total forest areas while 'Other wooded' areas would not be included. This explains why the forested area reported for 1980 was so high; it included these 'Other wooded' areas.
In 1988, the RPPD reclassified the dry limestone forests as 'Brush', which is similar to the FAO definition of 'Other wooded', and this time correctly excluded these areas from the reported forested area figure submitted to FAO. The 'change' indicated between the CRIES and RPPD reports was therefore not a real change in forested area but a reclassification. This means that the forested area of 504,435 ha reported by CRIES in 1980 needed to be adjusted downwards by approximately 175,000 ha or the RPPU figure adjusted upwards by the same amount when comparing the figures for the two periods. If this situation had been brought to the attention of FAO, it would not have reported such a large change in forest cover for Jamaica in its 1990 report.
Another classification anomaly noted in the CRIES study is that although it defines forest as '75% or more crown closure and be in stands of 16 ha or more' (see definitions in Table 1 ), the study identified the most forest area as shown in Table 4 . It would be expected that, given the more restrictive definition of forest used, the CRIES study should have reported less forest areas than the other studies. Eyre (1986) noted, quite correctly, that the Gray and Symes (1972) study and CRIES (1982) study were totally incompatible for a comparative analysis of the deforestation rate in Jamaica. This is so because the Gray and Symes study was designed to acquire forest data while the CRIES study was oriented to acquiring general land use knowledge of Jamaica. This is another cause for what appears to be an increase in forest cover between the period.
In 1986, Eyre also carried out a field study in 24 Jamaican districts to verify the rate of change in the forests. Using the 1980 data (CRIES 1982) as a baseline, he sampled 687 km², about 13% of the forested area reported and derived an annual rate of deforestation of 3.3% for the period 1980 to 1986. However, as previously mentioned, the CRIES data contained errors and inconsistencies which needed to be accounted for in any analysis of forest cover.
The above discussion of available forest cover data shows that, except for the 1980 CRIES figure (see Table 4 ), the changes in forested area of Jamaica over the past few decades are not very large. The forested area varies between 24 to 29% of the country over the period of assessment. In fact, the percentage of natural forest for 1954 and 1985 (31 year period) is approximately the same, showing little change.
Forest cover estimation since 1990
Since 1990, three land use/cover studies have been carried out based on interpretation of 1989 and 1998 LANDSAT TM satellite images: The Nature Conservancy (TNC) (Grossman et al. 1992) , the Forestry Department/Trees for Tomorrow Project (FD-TFT) (Forestry Department 1999) and in 2000, a new estimation was undertaken by TNC using the FD-TFT delineation of the 1998 satellite images and a new vegetation classification developed for the Caribbean Atlas Project (Li et al. 2000) . Although all the studies used LANDSAT TM imagery, they nonetheless used different methods to classify land use/cover and different software for the interpretation, which would require some regrouping as that shown in Appendix 1 in order to compare the data. The compilation and comparison of forested area is set out in Table 5 . The difference in areas between the TNC (Grossman et al. 1992; Li et al. 2000) and the FD-TFT (1999) analyses is what would be expected and can be explained by the different systems that were used. Theses differences between the total forest area figures are not significant with only a 3% difference. The FD-TFT assessment found that, because of the size and mountainous nature of the island, the limitations in image processing and classification techniques of LANDSAT TM technology (Richards 1986; Schowengerdt 1983) , LANDSAT TM could only be used for broad national forest classification. The more detailed classification from these broad types, which is needed for operational and forest management plans, require the use of aerial photographs. The classification system that was developed by the FD-TFT, the definitions for the classes, and how they correspond to both the TNC and the FAO classification systems, are outlined in Figure 2 and Appendix 1, respectively.
The new FD-TFT figure of forest cover has been accepted by FAO. It was used in the regression analysis and extrapolation for the 2000 estimates published in its publications Forest Resources Assessment 2000 (FRA 2000) and State of the World's Forests 2001 (FAO 2001a 2001b) . The areas of natural forest and forest plantation, presented in these publications, represent 29.2% and 0.8% of the island of Jamaica, respectively (Table 5 ). The FD-TFT, TNC and FAO-FRA 2000 forest area figures show a close correlation.
A comparison between the total forest area estimates for the year 1990 presented in the FRA 1990 (FAO 1993 , 1995 and in the FRA 2000 (FAO 2001a (FAO , 2001b shows a difference of 49.2%, i.e. 254,000 ha (FRA 1990 ) versus 379,000 ha (FRA 2000) . This large difference in the estimation is explained by changes in methodology for Fairhead and Leach (1998) suggest that twentieth-century deforestation rate in these countries is probably only one-third of that suggested by the international data in circulation. For Jamaica, time series information showing high comparability between the observations (12 publications consulted), have been used for estimating the forest area change, i.e. the FRA 2000 area change has been estimated by means of extrapolation of existing data sets from two or more points in time (FAO 2001c) . That explains the difference between the area change percentages of the FD-TFT (2 area values in time, 1989-1998) versus the FAO-FRA 2000 (a series of area values in time). The FAO methodology needs a very careful analysis of each area value in time used to estimate the area change rate, particularly the baseline value.
A SYSTEM FOR MONITORING FOREST COVER
To prevent future problems created by using different definitions of land use/cover types and methodologies, the Forestry Department, assisted by the Trees for Tomorrow Project, is establishing protocols to permit the systematic evaluation of changes in forest cover in Jamaica. The Forest Act, 1996 charges the Department with the responsibility of preparing a National Forest Management and Conservation Plan, which should be revised at intervals of 'not more than five years'. The first plan was completed in 2001 and contains 'an inventory and description of forestlands' as the Act stipulated. The Department is therefore the agency mandated for the sustainable collection, analysis and distribution of forest cover data in Jamaica. The steps being taken by the Forestry Department in this direction are as follows:
• developed a national classification system for LANDSAT TM interpretation and aerial photographs; • beginning in 1999, undertake vegetation interpretation of satellite images using the classification system developed; • undertake interpretation using satellite images every 5 or 10 years with the same definition of vegetation types and the same methodology of interpretation; • carry out periodic detailed analysis using aerial photography for management planning purposes and the monitoring of localised changes; and • monitor any destructive changes that are taking place in the forests and develop mitigation measures to deal with them.
As a first step, an analysis of forest cover change over the period 1989 to 1998 was carried out by the FD-TFT using the following LANDSAT TM images:
• The system developed for the LANDSAT TM interpretation was limited to a mapping scale of 1:100,000. The smallest area or polygon to be resolved was 25.0 ha. A supervised classification system was used and over 100 locations islandwide were visited for 'ground truthing' purposes (and photographed) and the coordinates taken by GPS for verification purposes. Aerial photographs (1991-92 1:15,000 and 1999 1:40,000) were also used to verify seven large blocks, which were very difficult to interpret because of clouds and shadows. Table 6 gives the 1989 and 1998 land use/cover areas derived from the analysis. The total change in the forestland use/cover classes over the period is a decrease of 3,064 ha or 0.91%. This gives a decrease of approximately 0.1% per annum (Table 6 ). The largest increase among all land use/cover classes is in the bauxite areas, which shows an overall increase of 5,099 ha (3,729 ha plus 1,370 ha). Approximately one-half of the new bauxite areas were probably originally agriculture fields (non-forestlands). This is understandable due to the fact that bauxite is traditionally extracted in the valleys, covered by pasture, citrus orchard, crops, evergreen forest or forest plantation, between the limestone hills (Scholten and Andriesse 1986) . In addition to the increase of the bauxite areas, the detailed study shows a net degradation of the forest cover, i.e. an increase of the mixed forest type with agriculture fields (Table 7) . For instance, a significant area changes from the 'disturbed broadleaf forest' type to the 'disturbed broadleaf forest and fields' mixed type (2,018 ha). There has also been a significant increase in the proportion of agriculture fields in the mixed types, for example, 1,301 ha of 'disturbed broadleaf forest and fields' mixed type was re-classified to the 'fields and disturbed broadleaf forest' mixed type.
Over the last ten years a positive change in the forest areas has been noted in some Caribbean islands such as Cuba and Guadeloupe (FAO 2001a (FAO , 2001b . This has also been observed in Jamaica in the Buff Bay/Pencar Rivers watershed located in the north-eastern section of the island. 
